Rice Husk Based Bioelectricity vs. Coal-fired Electricity: Life Cycle Sustainability Assessment Case Study in Vietnam  by Luu, Le Quyen & Halog, Anthony
 Procedia CIRP  40 ( 2016 )  73 – 78 
Available online at www.sciencedirect.com
2212-8271 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the International Scientific Committee of the 13th Global Conference on Sustainable Manufacturing
doi: 10.1016/j.procir.2016.01.058 
ScienceDirect
13th Global Conference on Sustainable Manufacturing - Decoupling Growth from Resource Use 
Rice husk based bioelectricity vs. Coal-fired electricity: Life cycle 
sustainability assessment case study in Vietnam 
 Le Quyen Luua*, Anthony Halogb 
aInstitute of Energy Science, Vietnam Academy of Science and Technology, A9 Building, 18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam 
bSchool of Geography Planning and Environmental Management, University of Queensland, St Lucia campus, Australia 
  
* Corresponding author. Tel.: +84-4-37912395; fax: +84-4-37912224. E-mail address: luulequyen@gmail.com 
Abstract 
Bio-based electricity is known for its advantage on reducing negative environmental impact compared to conventional counterparts. However, 
the question is whether bio-based electricity is socially and economically sustainable. The paper assessed the sustainability of the rice husk 
based bioelectricity in Vietnam over its life cycle and compared it with that of coal-fired electricity. It is identified that rice husk based 
bioelectricity is better in some aspects, but worse in other aspect compared to coal-fired electricity. However, if the negative aspect is 
compensated by the positive ones, the rice husk based bioelectricity in this case study is more sustainable than coal-fired counterpart. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Since its first introduction, the notion of ‘sustainable 
development’ has become a common goal towards the 
decoupling of environmental and economic imperatives, while 
maintaining and enhancing social prosperity [1], [2]. There are 
several ways in which the energy sector can contribute to 
sustainability, such as the development and application of 
energy efficient technologies, utilization of renewable energy 
and development of rural and distributed energy systems. 
Energy efficiency measures and rural energy systems aim at 
using fossil fuels equitably, economically and efficiently are, 
by nature, short-term solutions for sustainability. In order to 
ensure robust, resilient and long-term sustainability, it is 
essential to rapidly transition from fossil fuel based energy 
systems to a renewable energy mix. The consumption of 
renewable energy leads to reduced environmental impacts 
associated with fossil fuel exploitation such as air pollution, 
carbon and greenhouse gas emissions and those related to the 
extraction of fossil resources such as land and water 
degradation [3]. 
In Vietnam, renewable energy is mostly deployed in the 
form of hydropower, comprising 37.6 percent of national 
electricity generation in 2011 [4]. Other forms of renewable 
energy contribute a comparatively small share, at 3.5 percent 
of the national electricity system [5]. However, it is planned 
that the shares of other types of renewable energy, including 
wind energy and biomass based energy, will gradually 
increase in the near future to 4.5 percent by 2020 and 6 
percent by 2030 [5]. For bio-based electricity, it is expected 
that the installed capacity will increase to 500MW by 2020 
and 2000MW by 2030, being equal to 1.1 percent of total 
electricity generation [5]. 
Vietnam is the second largest rice exporting country; 
therefore, the technical potential of biomass from rice is 
present. The national rice production yield has increased from 
39.99 million tonnes in 2010 to 49.27 million tonnes in 2013 
[6], [7]. With a Residue to Product Ratio of 0.2 for rice husk 
[8], the amount of rice husk, which can be used for electricity 
generation is about 0.8 million tonnes. This high proportion of 
available rice husk therefore makes it a technically feasible 
form of bio-based energy for small-scale electricity 
generation. 
In addition, an on-site study showed that about 20 percent 
of rice residue is kept for fertilizing the subsequent crop, and 
the remaining is burnt on the field [8]. The open burning of 
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rice residue causes incomplete combustion, which emits CO, 
N20, CH4 and PAH [9]. As a result, the process is not only 
harmful for human health but also negatively impacts the 
environment.  If the large amount of rice residue, which is 
traditionally openly burnt on the field, is used to generate 
electricity, it can partly sustain the national energy sector. 
Moreover, it may help to reduce the negative social and 
environmental impacts of open burning of rice residue, and 
offset the burning of fossil fuels to generate electricity.  
The paper analyzes and evaluates sustainability of 
bioelectricity generated from rice husk over its life cycle with 
the hope of its apparent potential to facilitate the sustainable 
development of the energy sector in Vietnam. The 
sustainability of rice husk based electricity will be assessed on 
its relative contribution to the three pillars of sustainable 
development, environment, economy and society, in 
comparison with that of coal-fired electricity. Coal-fired 
electricity production is selected as the reference system 
because the Vietnamese electricity system is projected to 
become fossil fuel-intensive, with the share of coal-fired 
electricity increasing from 18.9 percent in 2011 to 46.8 
percent by 2020 [4]. 
2. Methodology 
Life cycle assessment is defined as the “compilation and 
evaluation of inputs and outputs and the potential impacts of a 
product system throughout its life cycle” [10]. In life cycle 
assessment, all input materials, emissions and wastes are 
accounted for in all stages from raw material extraction and 
processing, product and/or service manufacturing, use and 
disposal, and transportation. The comprehensive data 
requirements of the methodology make life cycle assessment 
a particularly effective mechanism for systematic assessment 
of environmental impacts of a product system [10]. 
The seminal definition of sustainable development was 
introduced as ‘development that meets the needs of the 
present without compromising the ability of future 
generations to meet their own needs’ [1]. This definition 
requires the consideration of sustainable development under 
the lens of system thinking, or in other words, the system over 
time and space, with an appreciation of the needs of human 
beings and the limitations of natural resources.  
Life cycle sustainability assessment (LCSA) extends the 
environmental boundaries of traditional life cycle assessment 
in an attempt to incorporate concepts of the sustainable 
development paradigm. It is defined as a method addressing 
environmental, economic and social sustainability of a 
product system over its life cycle, indicated through the 
measurement of either positive or negative impacts [11]. Life 
cycle sustainability analysis is implemented through an 
integration of environmental life cycle assessment (E-LCA), 
life cycle costing (LCC) and social life cycle assessment (S-
LCA) [11]. Detailed definitions of E-LCA, LCC and S-LCA 
can be found in Table 1. 
 
Table 1. Three pillars of life cycle sustainability 
E-LCA (Potential) environmental impacts over a production system’s 
life cycle [12]. 
LCC All costs and benefits directly related to the product system 
over its life cycle with some consideration on the external 
relevant costs and benefits [13]. 
S-LCA Social and socio-economic impacts of the product system 
throughout its life cycle, which causes directly/ indirectly and 
positively/ negatively affected stakeholders [11]. 
Although the research community accepts the life cycle 
sustainability concept, there is no current consensus on how to 
implement a life cycle sustainability assessment. There are a 
number methodologies that surround LCSA such as United 
Nations Environment Program Life Cycle Sustainability 
Analysis (UNEP LCSA), Co-ordination Action for innovation 
in Life-Cycle Analysis for Sustainability (CALCAS), 
Advancing Integrated Systems Modeling Framework for Life 
Cycle Sustainability Assessment (AISMF LCSA), and the 
Prospective Sustainability assessment of Technologies 
(Prosuite). These methodologies share a common foundation, 
developed based on the three frameworks of E-LCA, LCC 
and S-LCA. 
The most common methodology to assess the life cycle 
sustainability of a product system is following UNEP LCSA 
[11]. According to this methodology, the results of E-LCA, 
LCC and S-LCA are integrated with a set of weighting 
indicators to obtain a single common life cycle sustainability 
result [11]. The set of weighting indicators can be in the form 
of a Life Cycle Sustainability Dashboard with different scores 
and colors, or the Life Cycle Sustainability Triangle [14].  
CALCAS is a framework proposed by the EU 6th 
Framework Co-ordination Action. This methodology is based 
on the ISO 14040- 14044 frameworks for E-LCA with 
integration of LCC and SLCA. It expands the concept of E-
LCA to include physical, social, economic, cultural, 
institutional and political aspects, and broadens the boundary 
of a product system to assess the sustainability of a meso-
system and an economy-wide system [15].  
Halog and Manik developed AISMF LCSA through the 
combination of the E-LCA, LCC and S-LCA frameworks, 
incorporated with stakeholder analysis. The authors used 
multi-criteria decision analysis to obtain the indicators for life 
cycle sustainability assessment, which was then combined 
with agent-based and system dynamics modeling to ascertain 
the final results of sustainability decisions [16]. 
Most recently, another methodology with an emphasis on 
causal relationships, Prosuite, was introduced under the EC 7th 
framework program. On the foundation of the (ISO) E-LCA 
framework, sustainability is evaluated with five endpoint 
impacts of human health, social wellbeing (social aspects), 
prosperity (economic aspects), natural environment and 
exhaustible resources (environmental aspects). These 
endpoint indicators are then aggregated into one single score 
of sustainability by applying three approaches:  graphical 
representation, weighted sum and outranking analysis [17].  
As this methodology is developed under the E-LCA 
framework, it follows the common technique for 
implementing a LCA. The framework starts with defining the 
goal and scope, which requires setting up the goal, the 
technology, the product, their functional units, system 
boundary of the study, and other pertinent background and 
procedural information. This is then followed by data 
collection on raw materials and energy consumption, 
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emissions, waste, monetary flows and social issues are 
collected. These data are then entered into the Prosuite 
Decision Support System (DSS), with OpenLCA software, for 
calculating the impacts and assessing the sustainability of the 
technology and (or) product [18]. 
The UNEP LCSA methodology is transparent and easily 
replicable in terms of scoring; however, it ignores the 
interconnections among E-LCA, LCC and S-LCA and the 
cause-effect relationships between midpoint and endpoint 
indicators. The two methodologies of CALCAS and AISMF 
LCSA are more suitable to a complex system; however 
application is limited in this particular study due to temporal 
and budgetary constraints. Therefore, the Prosuite method is 
selected to assess the life cycle sustainability of bio-based 
electricity in this study.  
3. Literature review 
For energy systems, there are few studies using life cycle 
sustainability assessment methodology. Most existing studies 
were conducted to assess the environmental, economic and 
social sustainability separately. Studies surrounding the 
environmental sustainability of energy systems indicate that 
renewable energy technologies, including hydropower, solar 
power and wind power have comparatively less negative 
environmental impacts than conventional power sources, 
generated from fossil fuels [19]. Coal fired electricity has the 
highest greenhouse gas (GHG) emissions while it requires 
much less direct land use (land for power plant and mining 
activities) than renewable energy; and biomass has the highest 
direct land requirement (mostly for biomass plantation) per 
energy production units [19]. 
Current studies on the economic sustainability of energy 
systems are effectively only analyzing the economic 
feasibility of the system. Several studies were conducted on 
the foundation of cost and benefit analysis to compare 
different types of biomass feedstock as well as energy 
conversion technologies. As early as the 1990s, Mitchell et al. 
[20] compared different technologies including pyrolysis, 
gasification, combustion and concluded that the main costs 
and benefits include cost for feedstock, cost for conversion 
technology and sale of energy. More recently the IRENA’s 
study on bioenergy, with a concentration on agricultural 
residues, showed that cost for feedstock such as rice straw, 
rice husk, wheat straw and sugarcane bagasse is lower than 
other types of biomass, at 40 percent to 50 percent of total 
electricity generation cost [21]. Cost for the feedstock, either 
for procurement or transportation of feedstock is identified to 
be the main barrier in promoting biomass-based energy [22]. 
This leads to the weak economic sustainability of large-scaled 
biomass-based energy compared with that of fossil fuels [22]. 
In contrast with the availability of studies on 
environmental and economic sustainability, very few studies 
have been conducted on the social sustainability of biomass 
based electricity systems [23]. Most available studies evaluate 
bioenergy on its socio-economic impacts such as land use, 
labor use, health issues separately rather than integrating all 
impacts to show its comprehensive social sustainability. As 
biomass based electricity systems utilize the same feedstock 
as second-generation biofuel, its social impacts may be 
similar to that of biofuel. Studies on social impacts of biofuel 
indicate that the largest social concern might be the trade-off 
of socio-economic benefits of bioenergy and its impacts on 
food security. On one hand, bioenergy leads to competition 
for land, natural resources and other assets for biomass 
growing and food growing [23], [24], [25]. This competition 
raises the food price [24], which is a big threat for the 
livelihood and food security of the poor and impoverished. 
From a broader economic perspective, bioenergy is believed 
to bring additional income for farmers, which then contribute 
to national economy and living standard [26]. 
In Vietnam, the same situation occurs as most of available 
study is about environmental sustainability of energy system. 
Loi and Gheewala [27] compiled a life cycle inventory of a 
coal power plant. This study identified that 535kg of raw coal, 
2kg of fuel oil and 4.7kg of diesel are needed for 1MWh of 
electricity [27]. In terms of output, most of the emissions 
originated from the operation of the power plant, in which 
carbon dioxide emissions accounted for the largest 
contribution [27]. As this study was conducted in 2007, the 
electricity generation technology is reasonably dated, and not 
suitable in the current context. Moreover, the study is a life 
cycle inventory, which concentrated on the air pollutants, and 
has not classified and characterized these pollutants. 
For rice husk based electricity in Vietnam, Pham et al. [28] 
conducted a life cycle inventory analysis study to evaluate the 
greenhouse gas emission profiles of different methods of rice 
husk treatment. In the baseline scenario, rice husk was mainly 
used for cooking and brick making, with excess rice husk 
openly burned [28]. This baseline scenario was compared 
with seven main scenarios, in which excess (all) rice husk is 
used for cooking and brick making, generating power through 
combustion or gasification and producing bio-oil by pyrolysis 
[28]. The research identified that open burning of rice husks 
in Vietnam is the main contributor of GHG emission and 
using rice husk for generating electricity either by direct 
combustion or by gasification will inherently reduce GHG 
emissions [28]. However, the research was limited in the 
GHG emission impacts of rice husk based electricity, which 
imposed the need of further investigation into other potential 
environmental impacts of rice husk based bioelectricity, either 
positive or negative. 
Based on the research of Loi and Gheewala [27] and Pham 
et al. [28], this study will assess the sustainability of coal-fired 
electricity and rice husk based bioelectricity in Vietnam. The 
Mekong River Delta is selected as the study site for the 
prospective system as it is the largest area for the cultivation 
of rice in Vietnam, with more than 50 percent of rice yield 
and the rice production yield of 24.29 million tonnes in 2012 
[7]. Due to the high production yield, the amount of rice husk 
is therefore large, which makes this area technically suitable 
for constructing a bioelectricity plant with rice husk as an 
input material.  
Until now, there is no operating biomass based electricity 
power plant. Some biomass based power plants are 
constructing in Mekong River Delta and there is a 
governmental plan to extend the coverage of biomass based 
power plants. These plants are expected to use rice husk as 
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input material and apply Circulating Fluidized Boiler (CFB) 
technology, with the average capacity of 10 MW each. For 
cogeneration of heat and electricity, there are 42 cogeneration 
power plants, with potential capacity of more than 500MWe, 
in which 6 projects utilized bagassee as feedstock. As biomass 
based electricity is not yet available in Vietnam, the technical 
characteristics of a theoretical bioelectricity power plant, 
based on the feasibility study of Nguyen and Nguyen [29], 
were used in the model plant case study. In order to get the 
coherence in the study, a coal fired power plant, with 
application of CFB technology is selected as the reference 
product system [30]. Details of technical characteristics of 
two power plants are clarified in Table 2. 
 
Table 2. Technical characteristics of two power plants [29], [30] 
Technical characteristics Coal fired power 
plant 
Rice husk based 
power plant 
Operation lifetime 30 years 20 years 
Operating hours 6000 hours/ year 4800–7968 hours/ 
year 
Installed capacity 1,200MW 11 MW 
Electricity own use 6.2% 10% 
Efficiency 38.5% 21% 
Technology Circulating Fluidized Boiler 
Input material consumption 4,151,160 
tonne/year  
109,500 tonne/year 
Heavy fuel oil  10,800 tonne/year 2,400 tonne/year 
Limestone  216,240 tonne/year N/A 
4. Goal and scope definition 
This is a comparative LCA for comparing the relative 
sustainability of rice husk based bioelectricity and coal-fired 
electricity from raw material extraction to its consumption. 
The study’s result will support decision makers in planning 
and developing Vietnam’s electricity system.  
The two product systems will be assessed at two scales, a 
functional unit scale of 1MWh, and an economy wide scale of 
9.46E+07 MWh which is equal to around 500MW of installed 
capacity of bioelectricity, concurrent with the projected 
capacity proposed by the Vietnamese government by 2020. 
Both of the systems are assessed from cradle to gate on three 
aspects of sustainability.  The system boundaries are the same 
for two product systems, but slightly different between the 
three dimensions of sustainability.  For the environmental 
dimension, the study excludes impacts from the production of 
capital goods. Nevertheless, the economic and social 
dimensions are assessed on an economy wide scale, which 
includes all sectors directly or indirectly related to electricity 
generation process, including Raw material process and 
production; Raw material transportation; R&D; Plant 
construction; Bioelectricity generation and transmission.  
The environmental, economic and social impacts will be 
ascribed for both main products and co-products based on 
their economic value, for example rice and rice husk in rice 
husk preparation process, and electricity and ash in electricity 
generation process.  
Data for the three aspects of sustainability are collected 
within an 8 years span, from 2006 to 2014, from Ecoinvent 
database, the Social hotspot database, feasibility reports of 
power plant and other pertinent literature. Due to the fact that 
both of these power plants are not currently operating, their 
emissions are calculated on the basis of Vietnamese emission 
factors. In cases where there is no Vietnamese emission factor 
available, the National Pollutant Inventory Emission 
estimation technique manual (of Australia) is utilized.  
5. Results 
The methodology classified and characterized 
environmental, economic and social impacts into five 
endpoint impact categories, including impacts on human 
health, impacts on social wellbeing, impacts on prosperity, 
impacts on ecosystem quality and impacts on natural 
resources. The results of five endpoint impacts are 
summarized in Table 3. 
The human health impacts are calculated based on 
environmental human health (number of DALY* caused by 
the environmental condition), occupational human health 
(number of DALY caused by working condition) and 
consumer health (number of DALY caused to consumers). 
Although the occupational human health impact of 
bioelectricity is smaller than that of coal-fired electricity, the 
environmental human health impact of bioelectricity seems to 
be higher than that of electricity. In both of the systems, the 
environmental human health impacts come from the emission 
of carbon monoxide, methane and sulfur oxides. These 
emissions contribute to photochemical ozone formation and 
climate change, which in turn cause pollution and extreme 
weather events, and consequently impact on human health.  
Impacts on social well-being are aggregated based on 
eleven pathways, six of which are quantitative indicators, 
including knowledge intensive jobs, total employment, child 
labor, forced labor, regional income inequalities, global 
inequalities. The five remaining indicators, including 
possibility of misuse, risk perception, stakeholder 
involvement, trust in risk information and long-term control 
function, which are qualitative indicators collected by 
consultation with an expert board, were not included in this 
study due to temporal and budgetary constraints.  
The quantitative indicators were analyzed at an economy-
wide scale for the purpose of sustainability assessment. The 
calculated result shows that there is no difference between 
impacts of two product systems on social well-being at an 
economy-wide scale, which can be attributed to their small 
contribution on the whole economy and society. It is 
interesting and counter-intuitive that both product systems do 
not contribute to social inequality at a regional as well as 
global level, which may be explained by the small degree to 
which the two product systems induce change on the salary 
levels of the region and GDP levels around the world.  
 
 
* DALY stands for Disability Adjusted Life Years. It is used to measure the 
burden of disease from mortality and morbidity, in which one DALY equals 
to one “healthy life” year lost due to premature mortality and disability.  At 
societal scale, DALY is the gap between current and “free of disease and 
disability” health situation of the whole population [31]. 
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Impact on prosperity was analyzed on the basis of impacts 
on labor productivity, capital productivity and resource 
productivity, which were assessed on an economy wide scale. 
Being similar to impact on social wellbeing, the obtained 
results show that there is no difference between coal-fired 
electricity and rice husk based electricity due to the small 
share of the products system to the economy. In other words, 
the replacement of rice husk based electricity does not bring 
any measurable positive change to the economy.  
The results show that bioelectricity impacts on ecosystem 
quality are smaller than those of electricity. Most of the 
ecosystem quality impacts of electricity come from carbon 
dioxide (90.96%), sulfur dioxide (5.5%) and methane (2.31%). 
While the majority of carbon dioxide and methane originates 
from electricity generation, sulfur dioxide mainly comes from 
transportation. For bioelectricity, carbon dioxide and methane 
are the main sources of negative impact on the natural 
ecosystem, with shares of 68.37 percent and 11.10 percent 
respectively.  
Similarly to ecosystem quality, impacts of bioelectricity on 
natural resources are smaller than those of electricity. In other 
words, bioelectricity consumes less important/ critical natural 
resources than electricity. 
 
Table 3. Summary of five endpoint impacts 
Impacts At functional unit scale At economy-wide scale 
Electricity 
from coal 
Bioelectricity 
from rice husk 
Electricity 
from coal 
Bioelectricity 
from rice husk 
Human Health, (DALYs) 0.27 0.98 N/A N/A 
Impact on Social Wellbeing Total employment (hours) 1.23 1.28 7.53E+12 7.53E+12 
Knowledge intensive jobs (hours) 0.2 0.21 1.63E+12 1.63E+12 
Child labor (hours) 3.28E-02 3.21E-02 2.64E+11 2.64E+11 
Forced labor (hours) 2.25E-03 2.15E-03 2.00E+10 2.00E+10 
Regional income inequalities (€) N/A N/A 0 0 
Global inequalities (€) N/A N/A 0 0 
Total cost (€) 58.86 57.91 N/A N/A 
Impact on Prosperity  Capital productivity (€/€) N/A N/A 6.74 6.74 
Labor productivity (€/€) N/A N/A 2.1 2.1 
Resource productivity N/A N/A 7.97E+05 7.97E+05 
Ecosystem Quality, (species loss.year) 9.22E-06 5.26E-06 N/A N/A 
Natural Resource, (USD2000) 2.54E04 1.86E03 N/A N/A 
 
 Bioelectricity has more negative impacts than electricity 
 Bioelectricity has less negative impacts or more positive impacts than electricity 
 The introduction of bioelectricity imposes no measurable positive/ negative impacts  
N/A Not available 
 
At a functional unit scale, rice husk based electricity causes 
more negative human health impact than coal fired electricity; 
however, its negative impacts on ecosystem quality, natural 
resource are smaller and its positive impacts on social 
wellbeing and prosperity are larger than coal fired electricity. 
At an economy wide scale, bioelectricity brings less negative 
impacts on ecosystem quality and natural resource; no 
measurable difference on impact on social well-being and 
prosperity; and more negative impacts on human health 
compared to electricity. As a result, when a single score of 
sustainability is aggregated, it is expected that the 
bioelectricity will be more sustainable than its coal-fired 
electricity counterpart. 
The weighted sum results were calculated on the principle 
that the positive impacts are compensatory for the negative 
impacts. More specifically, impact on social wellbeing and 
impact on prosperity will be subtracted from the impacts on 
human health, ecosystem quality and natural resources. As a 
result, the higher the scores are, the worse the product systems 
perform with regards to the impact indicators.  The results of 
the study showed that rice husk based bioelectricity impacts 
on sustainable development are half as that of coal-fired 
electricity, at 13.82 and 28.02, respectively. 
The outranking analysis result was obtained by comparing 
the difference in each pair of categories of two product 
systems. It firstly starts with five endpoint impacts, which 
were followed by different midpoint impacts. The product 
system, which outranks the other, will receive a win. The 
more win’s a product system receives, the more sustainable it 
is. From the outranking analysis, rice husk based 
bioelectricity appears to receive more win’s than coal-fired 
electricity, with 3.25 and 1.75, respectively.  
6. Conclusion 
If it is assumed that the product system, which brings more 
benefits, is the most sustainable, rice husk based bioelectricity 
in this case study is a desirable alternative compared to coal-
fired electricity.  Therefore, it is recommended that rice husk 
based bioelectricity should be encouraged to develop as a 
component in the national energy mix. However, the 
development of bioelectricity should be undertaken with great 
care to ensure the human impacts of bioelectricity are at 
minimum.  This can be done by reducing emissions from the 
bioelectricity generation process and pesticide production; for 
example, applying advanced emission treatment technology 
for power plant and replacing chemical pesticides with ones 
with organic origins. 
It is indicated, through existing literature and the 
implementation of the study, that the methodology to assess 
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sustainability of a product/ technology over its life cycle is not 
inclusive, with an inbuilt concentration on and prioritization 
of environmental impacts and a relative lack of attention on 
social and economic dimensions. This disparity in 
prioritization amongst the three pillars of sustainability is also 
shared within the broader framework of sustainability and 
feasibility assessment of energy systems. Therefore, it is 
recommended that further research should be conducted to 
complete/enhance the methodology of life cycle sustainability 
assessment and broader energy assessment techniques, 
especially for economic and social pillars, which will 
consequently encourage the development of product and 
technology targeted at sustainable development in its intended 
form. 
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